In 1998, a typhoon struck before rice harvesting in Japan, and the unpolished rice was found to be stained brown. Samples were collected and analyzed for the presence of trichothecenes using GC/MS. The mycotoxins deoxynivalenol (DON), fusarenon-X (Fus.-X) and nivalenol (NIV) were detected and confirmed with GC/MS. The quantity of trichothecenes was determined using GC-ECD. To our knowledge, this is the first report of the presence of the trichothecene Fus.-X in rice.
Introduction
Wheat can be infected with strains of the fungus Fusarium, leading to scabbing. Scabbed wheat is often contaminated with trichothecenes, such as deoxynivalenol (DON) and nivalenol (NIV). Yoshizawa et al. reported that domestic barley was contaminated with DON in 1975 1) . Contamination of wheat with DON was also reported for the Ontario soft winter crop, which was found to contain DON at levels ranging from 0.22ῌ0.74 ppm 2) . In 1998, high levels of rainfall in Japan at the time of anthesis lead to the infection of wheat with scab. A typhoon also led to lodging of rice plants. Conditions were favorable for Fusarium graminearum in paddy fields, and contamination of rice with trichothecenes such as DON and NIV was suspected. In this study, we investigated the occurrence of trichothecenes on this water-damaged rice.
Materials and Methods

Standards
Pure DON, 3-acetyldeoxynivalenol (3-Ac-DON), fusarenon-X (Fus.-X) and NIV were purchased from Wako Pure Chemical Industries, Ltd., Japan for use as standards.
Samples
Lodged and water-damaged rice plants were harvested after a typhoon in 1998. The brown-colored, unpolished rice was used for the analysis of trichothecenes.
Extraction and analysis
DON, 3-Ac-DON, Fus.-X and NIV were analyzed using standard methods 3) . Briefly, brown rice was ground to a powder using an ultracentrifugal mill, ZM 1 (Retsch Corp., Germany). A 25 g sample of finely ground rice was mixed with 200 mL of 75ῌ of acetonitrileῌwater. The mixture was homogenized using a Polytron for 3 min and mixed for 30 min using a shaker, Model V-D (Asahi Techno Glass Corp., Japan). The mixture was then filtered with an Advantec Toyo No. 2 filter paper. The acetonitrile layer was added to 50 mL of hexane and mixed for 5 min. The hexane layer was then discarded. Twelve grams of ammonium sulfate was added to 100 mL of the aqueous acetonitrile solution. After shaking for 3 min, the aqueous layer was discarded. The acetonitrile layer was then mixed with 10 g of anhydrous sodium sulfate. After shaking, it was left to stand for 1 hour. The acetonitrile solution was then filtered using a No. 2 filter paper containing sodium sulfate. The sodium sulfate on the filter paper was washed with anhydrous acetonitrile. The acetonitrile solution was added to the above aqueous acetonitrile layer and the mixture was evaporated to dryness. Two milliliters of methanol and 18 mL of chloroform were added to this dry extract in a pear-shaped flask. The methanolῌchloroform extract solution was added to a column packed with 2 g of sodium sulfate, 10 g of Florisil and 5 g of sodium sulfate. The pear-shaped flask was washed three times with 10 mL of chloroformῌmetha-nol (9 : 1). The washed chloroformῌmethanol solution was also applied to the column. Ninety milliliters of chloroformῌmethanol solution was then applied. The eluted solution was collected in a flask and evaporated to dryness. For GC/MS analysis, the following extraction was also conducted. A 5 g sample of finely ground rice was mixed with 40 mL of 84ῌ solution of acetonitrileῌ water and ground using a Polytron for 3 min. The solution was shaken for 90 min and then centrifuged at 2,000 rpm for 5 min. The supernatant was applied to a MultiSep ῌ227 column (Romer Inc., USA). The first 3 mL of eluate was discarded, and then 5 mL of eluate was collected and evaporated to dryness.
A portion of each extract was reacted with 0.20 mL of trimethylsilylating reagent (2.0 mL of N-trimethylsilylimidazole : 0.4 mL of trimethylchlorosilane : 9.0 mL of dehydrated ethyl acetate). After 20 min, 1.80 mL of dehydrated ethyl acetate was added.
This trimethylsilylated solution was analyzed using a Shimadzu GC-15A system coupled with a Shimadzu QP-5000 gas chromatograph-mass spectrometer.
Conditions for gas chromatography
A Shimadzu GC-15A (Shimadzu Corp., Kyoto, Japan) equipped with an ECD detector was used for the quantitative analysis. The conditions of the GC analysis were as follows. A DB-1 megabore column (J & W Scientific, Folsom, CA, USA), 10 mῌ0.53 mm i.d. and 1.5 mm in film thickness, was used. The column temperature was maintained at 185῍ for 50 min, then increased by 10῍/min to 240῍ and maintained at that temperature for 15 min. The injection port temperature was set at 280῍. The N 2 gas flow rate for column connection purge was set at 22 mL/min and that for cell purge was set at 60 mL/min. The flow rate of He gas was 15 mL/ GC/MS conditions in the EI mode were measured using a Shimadzu GCMS-QP5000 system. A Shimadzu GC-17A was used as a gas chromatograph. A 30 mῌ 0.25 mm i.d. DB-5MS column (J & W Scientific, Folsom, CA, USA) with film thickness of 0.25 mm was used. The column temperature was maintained at 120῍ for 2 min, then increased by 5.0῍/min to 280῍, and maintained at 280῍ for 15 min. The injection port temperature was set at 250῍ with an interface temperature of 300῍. The flow rate of He gas was 41.0 mL/min. The detection voltage was 2.50 kV. Mass spectra of the trimethylsilylated extract were compared with the spectra of the trimethylsilylated DON, Fus.-X and NIV standards.
Results and Discussion
A total ion chromatogram from trimethylsilylated extract of lodged and water-damaged rice sample No. 2 using a Florisil column is shown in Fig. 1 . Total ion chromatograms and mass spectra of standard trimethylsilylated DON, Fus.-X and NIV are shown in Fig. 2 . The total ion chromatogram from the trimethylsilylated extract of lodged and water-damaged rice (sample No. 2) using a MultiSep ῌ227 column and the mass spectra of the regions corresponding to trimethylsilylated DON, Fus.-X and NIV are shown in Fig.  3 . Comparison of the chromatograms in Figs. 1 and 3 shows that the MultiSep ῌ227 column was e#ective to remove ingredients other than trichothecenes from the extract. Comparing the chromatograms and mass spectra of Figs. 2 and 3 , it is clear that peak 1 from the rice extract corresponds to trimethylsilylated DON. Peak 2 corresponds to trimethylsilylated Fus.-X, and peak 3, to trimethylsilylated NIV. Trimethylsilylated 3-Ac-DON was not detected in the samples. The results suggest that the lodged and water-damaged domestic Japanese rice was contaminated with DON, Fus.-X and NIV.
The contents of DON, Fus.-X and NIV were analyzed by GC with ECD. The amounts of these trichothecenes present in the rice samples are listed in Table 1 .
Mycotoxin contamination is less commonly reported for rice than for many other cereals. However, contamination by luteoskyrin 4) , islanditoxin 5) , and cyclochlorotine 6) has been reported on imported rice since World War II. There is also a report by Sugimoto et al. detailing the contamination of domestic rice with ochratoxin A, citrinin and sterigmatocystin 7) . Norizuki et . Suprasert reported that rice in Thailand was contaminated with DON but at acceptable levels compared with the 1 ppm limit set in the USA 12) . Abbas et al. reported that they detected DON and zearalenone on rice in the southern United States 13) . Schollenberger et al. surveyed Fusarium toxins on rice and detected DON and 3-Ac-DON, but not Fus.-X or NIV 14) . DON and NIV contamination on rice was recently reported by Yoshizawa and Tanaka῍ 3 . As far as we know, Fus.-X contamination of rice has not previously been reported.
There is no report on F. graminearum infection of rice. However, contamination with DON, Fus.-X and NIV was observed here, so a mycological study on rice is needed.
Although the trichothecenes DON, 3-Ac-DON, Fus.-X and NIV were detected in the water-damaged rice, we should point out that the rice analyzed in this study is not representative of the quality of rice that is currently distributed in Japan.
To avoid the problems associated with trichothecene contamination on rice, new resistant crossbreeds of rice that have natural protection against Fusarium contamination need to be developed. Agricultural chemicals will also remain important, with their usage dependent on the variety of rice and climatic considerations. Clearly other methods are also required to avoid ῍ 3 Yoshizawa, T., Tanaka, T., unpublished data.
trichothecene contamination. 
